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1  | INTRODUCTION





generally	 assumed	 to	 have	 little	 impacts	 from	 human	 intervention	
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including	 minimal	 effects	 of	 non-	native	 invasive	 species,	 compared	
to	fertile	plains	or	urban	areas,	over	these	there	is	growing	evidence	
that	many	non-	native	species	have	started	to	colonize	mountain	re-
gions	worldwide	 (e.g.,	Alexander	 et	al.,	 2011;	Becker,	Dietz,	Billeter,	
Buschmann,	 &	 Edwards,	 2005;	 McDougall	 et	al.,	 2011;	 Morueta-	
Holme	 et	al.,	 2015;	 Seipel	 et	al.,	 2012).	 Elevational	 gradients	 on	
mountain	areas	are	usually	comprised	by	a	series	of	complex	biotic	and	





et	al.,	 2011;	 Seipel	 et	al.,	 2012).	 However,	 the	 response	 of	 native	









The	 large	majority	 of	 the	 studies	 describing	 the	 elevational	 dis-
tribution	 of	 non-	native	 species	 have	 been	 conducted	 in	 temperate	
areas	creating	an	important	gap	for	understanding	these	processes	in	
other	biomes	such	as	tropical	mountains	(e.g.,	Alexander	et	al.,	2011;	
Becker	 et	al.,	 2005;	Marini	 et	al.,	 2011;	 Pauchard	&	Alaback,	 2004;	
Seipel	et	al.,	2012;	Siniscalco,	Barni,	&	Bacaro,	2011).	The	few	studies	






Marini	 et	al.,	 2011;	 Seipel	 et	al.,	 2012),	 hump-	shaped	 distributions	
have	been	found	in	the	tropical	islands	(Arévalo	et	al.,	2005;	Pauchard	
et	al.,	2009).	For	native	species,	the	elevational	distribution	in	tropical	





In	 tropical	 mountains,	 the	 establishment	 of	 non-	native	 species	
along	an	elevational	gradient	depends	on	the	degree	of	preadaptation	
and	plasticity	inherent	in	species	for	the	abiotic	conditions	at	a	given	
site	 (Alexander	 et	al.,	 2011;	 Haider	 et	al.,	 2010;	 Seipel	 et	al.,	 2012,	
2015).	A	match	between	the	overall	climatic	conditions	on	the	native	
range	 and	 the	 elevational	 location	 on	 the	 introduced	 range	 can	 be	
expected.	Thus,	according	to	their	biogeographical	origin,	non-	native	
species	can	occupy	different	elevations	along	an	elevational	gradient	
in	 a	 tropical	 site,	 depending	 on	 the	 similarity	 between	 the	 climatic	







distribution.	 It	 is	well	 known	 that	 disturbances	 facilitate	 the	 arrival	
and	dispersal	of	propagules	of	non-	native	species,	which	potentially	
could	 exhibit	 invasive	 features	 on	 these	 fragile	 ecosystems	 being	 a	
significant	threat	to	the	ecosystems	services	they	provide	(Alexander,	




affect	 the	 presence	 and	 abundance	 of	 non-	native	 species	 (Catford	
et	al.,	 2012;	Pollnac,	2012;	Rejmánek,	1989),	 little	 is	 known	on	dis-
turbance	gradients	in	tropical	mountains.	In	the	tropics,	the	land-	use	
change,	the	human	settlements,	and	their	access	to	the	mountains	are	








turbance,	 we	 compared	 the	 elevational	 distribution	 of	 both	 native	
and	non-	native	species	away	from	and	at	 the	roadside	as	 indicators	









The	 study	was	 conducted	 in	 the	 oriental	 region	 of	 the	 Ecuadorian	
Andes.	We	studied	the	plant	communities	along	a	paved	road	across	
an	 elevational	 range	 from	 1,150	m	 (0°44′34′′S–77°47′24′′W)	 to	
4,000	(0°19′56′′S–78°12′07′′W)	m	a.s.l.,	at	96	km	from	the	Papallacta	








     |  7911SANDOYA et Al.










Bioclimatic region Er (m a.s.l.) P (mm) T (°C) Vegetation types Er (m a.s.l.)
Wet	subtropical 300–1,800 2,000–3,000 23–26 Evergreen	premontane	forest 800–1,300
Moist	temperate 1,800–3,000 1,000–1,500 18 Evergreen	lower	montane	forest 1,300–2,000
Montane	cloud	forest 2,000–2,900


























pling	was	determined	according	 to	 the	 catalog	of	vascular	plants	of	
Ecuador	 (Jørgensen	 &	 León-	Yánez,	 1999).	 Non-	native	 species	 were	
classified	according	to	their	biogeographical	origin	in:	temperate	(from	
Palaearctic	and	Holarctic	regions),	tropical	(from	paelotropical	and	neo-
tropical	 regions),	 and	 cosmopolitan	 according	 to	 Fuentes,	 Pauchard,	
Sanchez,	Esquivel,	and	Marticorena	(2013).	The	species	collected	were	
identified	 by	 specialists,	 and	 voucher	 specimens	were	 deposited	 in	
HQCA	(Herbarium	of	the	Pontificia	Universidad	Catolica	del	Ecuador)	
and	HQCNE	(Herbarium	of	the	Natural	History	Museum	of	Ecuador).	
















as	 covariate.	 As	 the	 elevational	 distribution	 of	 non-	native	 species	
followed	a	hump-	shaped	model	(see	results),	to	assess	if	disturbance	
affects	 the	 elevational	 distribution	 of	 non-	native	 species,	 for	 each	
distance	to	the	road	we	obtained	the	values	and	standard	deviations	
of	the	parameters	of	a	quadratic	model	 (ax² + bx + c)	and	were	then	
compared	 among	 them	 with	 Student’s	 t	 tests.	 To	 be	 rigorous,	 we	
considered	that	there	were	significant	differences	among	distance	to	











43	non-	native	 species	 (see	Appendix	1).	These	 species	belonged	 to	





non-	native	 species	 Pennisetum clandestinum	 (12%).	 The	 non-	native	











decline	 (R²	=	0.62,	p	<	.001).	 In	 contrast,	 for	 non-	native	 species,	we	
found	 a	 unimodal	 or	 hump-	shaped	 pattern	 (quadratic),	 with	 an	 in-
crease	 in	the	number	of	species	 in	the	middle	areas	of	the	gradient	
(R²	=	0.58,	 p	<	.001)	 (Figure	2a).	 In	 addition,	 the	 proportion	 of	 non-	
native	over	native	species	also	showed	a	quadratic	trend	(R²	=	0.46,	
p	=	.002)	(Figure	2b,	Table	2).





intermediate	 distance	 to	 the	 road	 (near	 plots)	 showed	 intermediate	
values	of	disturbance.
Distribution	 models	 for	 native	 species	 richness	 at	 the	 different	
plots	 were	 linear	 (near: R²	=	0.47,	 p < .001; far: R²	=	0.30,	 p	=	.012)	
(Figure	3a,	Table	2).	ANCOVA	results	showed	significant	differences	in	





R²	=	0.55,	p < .001; near: R²	=	0.39,	p = .010; far: R²	=	0.33,	p	=	.025)	
(Figure	3b,	 Table	2).	 Student’s	 t	 test	 for	 fit	 parameters	 to	 quadratic	
model	indicated	significant	differences	on	species	richness–elevation	









3.4 | Origin of non- native species in the gradient
Thirty-	two	 non-	native	 species	 (74%)	 came	 from	 temperate	 regions,	
whereas	eight	species	(19%)	were	from	tropical	regions	and	only	three	












a.s.l.),	 where	 Conyza bonariensis	 and	 Thelypteris opulenta	 had	 the	
broader	 elevational	 ranges:	 1,150–3,400	m	a.s.l.	 and	1,150–3,250	m	


































All species Native species Non- native species
Model R² p Model R² p Model R² p
Along	gradient Linear 0.7 <.001 Linear 0.6 <.001 Quadratic 0.6 <.001
Roadside – – – ** ** ** Quadratic 0.6 <.001
Near	road – – – Linear 0.5 <.001 Quadratic 0.4 .01
Far	road – – – Linear 0.3 .01 Quadratic 0.3 .03
Non-	native	species	temperate	origin – – – – – – Quadratic 0.7 <.001
Non-	native	species	tropical	origin – – – – – – Linear 0.8 <.001










found	 at	 middle	 elevation	 (between	 1,000–1,500	m	 a.s.l.),	 declines	
from	1,000	m	a.s.l.	to	lowlands	and	from	1,500	m	a.s.l.	to	higher	ele-
vations	(Gentry,	1995;	Jørgensen	&	León-	Yánez,	1999).	Balslev	(1988)	
when	conducting	a	 regional	assessment	of	plant	 species	 richness	 in	






with	 intermediate	 temperatures	and	high	humidity	 (Cañadas,	1983).	
Nogués-	Bravo	et	al.	(2008)	reported	that	the	form	of	the	elevational	





















hand,	 the	 decrease	 in	 the	 number	 of	 non-	natives	 toward	 higher	 el-
evations	can	be	easily	understood	by	the	climate	filter	as	occurs	for	








The	 decrease	 in	 number	 of	 non-	native	 toward	 lower	 elevation	
could	 be	 related	 to	 the	 biotic	 resistance	 theory	 proposed	 by	 Elton	
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(1958),	 who	 determined	 that	 the	 native	 species-	rich	 communities	
have	more	resistance	to	invasions	of	exotic	species	(Rejmánek,	1989).	
At	 low	elevations,	 communities	 contain	more	native	 species,	 having	
higher	competitive	ability	and	 lacking	available	empty	niches	for	the	



















































872.9 2 436.5 3.6 0.03
location 1,266.9 2 633.4 5.2 0.01
elevation 2,723.6 1 2,723.6 22.5 0






Statistic value  
t test Sig. (p < .01)
t	test
For	the	coefficients	of	quadratic	terms
a Roadside-	near −1,829.1* p < .01
Roadside-	far −2,635.4* p < .01
Near-	far −806.4* p < .01
For	the	coefficients	of	first-	degree	terms
b Roadside-	near 354.8* p < .01
Roadside-	far 512.8* p < .01
Near-	far 182.7* p < .01
*significant.
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be	 observed	 in	 species	 of	 temperate	 origin	 such	 as	Cerastium glom-
eratum,	Poa annua,	Holcus lanatus, Trifolium repens,	Plantago lanceolata, 
and	Rumex acetosella	which	have	a	wide	distribution	along	the	gradient,	
and	had	been	frequently	 found	 in	similar	other	studies	 in	tropical	or	
temperate	mountains	 (McDougall	et	al.,	2011;	Morueta-	Holme	et	al.,	
2015).	 Interestingly,	 the	higher	part	of	the	tropical	elevational	gradi-
ent	 follows	 the	 uni-	directional	 ecological	 filtering	 described	 mostly	
for	temperate	regions	(Alexander	et	al.,	2011).	 In	addition,	the	domi-







species	 that	have	expanded	 their	 range.	 In	our	case,	Poa annua	 that	





























native	 and	 non-	native	 species	 are	 distributed	 in	 tropical	 regions	 of	
the	world.	Although	 there	 are	 some	 commonalities	with	 temperate	
regions,	which	have	been	profusely	studied,	there	are	striking	differ-
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